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SECTION 1

INTRODUCTION

The probabilities of first aircraft failure under a
prescribed mission loading and a number of rigorous and cursory
inspections are calculated analytically. Three programs were
written for this purpose. The first program, called Maneuver
Loading (MANLOD), calculates the average of rise and fall of the
stress process due to aircraft maneuvers or gust utilizing a
simulation technique of random processes. The results from this
program serve as an input to the other two programs. The second
program, called Aircraft Reliability when Time to Crack Initia-
tion is a Random Variable (ARELl), evaluates probabilities of
first aircraft failure based on the condition that time to fa-
tigue crack initiation is distributed according to a two-parameter
Weibull distribution. The third program, called Aircraft Rel-
iability when Initial Cracks are Random Variables (AREL2),
calculates probabilities of first aircraft failure based on the
initial crack size distribution model. The following sections
of this document discuss these three programs, their options,

the input data, and the output.



SECTION 2

MANEUVER LOADING PROGRAM (MANLOD)

The purpose of MANLOD program is to determine the rise
and fall of the stress response process due to aircraft maneu-
vers or atmospheric turbulence. The results from this program
serve as an input to the aircraft reliability programs ARELL
and AREL2 which are described in Sec. 3 and 4. A simplified

flow chart of the MANLOD program is shown in Figure 1.

2.1 SIMULATION AND RANGE COUNT

The time history of stress response due to aircraft
maneuvers or gust is generated from the specified stress spectral
densities utilizing simulation techniques of Gaussian random
processes. For the purpose of this study, the stress history
due to gust is generated from a specified normalized spectral
density function corresponding to a truncated Gaussian white
noise spectra. The area under this spectral density is unity.
The width of this spectra is controlled by a parameter called
BETA which ranges 0.0 < BETA < 1. For example, BETA = 0
corresponds to a wide band process and BETA = 0.9 to a narrow
band process. The stress time history due to aircraft maneuvers
is generated from the specified spectral density in Function
FUNSPT. If the spectral density due to maneuvers is specified
in terms of accelerations g2, the conversion to étress spectral
density is achieved through the parameter g. To account for

the unsymmetric exceedance observed in actual maneuver exceedance
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curves, the stress time history is modified by multiplying the
negative portion by a factor called REDUCE = standard deviation
for negative maneuvers/standard deviation for positive maneuvers.
The rise and fall, ASi, of the simulated process Sm(t) are
determined using two separate range count methods. 1In the first

method, the AS; 5 values are determined by selecting the difference
14

Sm

]
between the consecutive peak and valley as shown above. In the
second counting method, the AS, ., values are selected from the
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difference between those peaks and valleys which are separated

by the lg line as shown below.
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2.2 INPUT DATA

There are no input data cards used for the Maneuver
ILoading Program. The necessary data parameters need to be spe-
cified at the beginning of the main program. The input spectral
density function of the maneuver loading in g2 units need to
be specified. An option is provided to use a normalized trun-
cated white noise spectrum. The input parameters are as follow:
maneuver loading spectral density function SS (W) with parameters
A, FB and PHIO where A = a shape parameter; FB = break frequency
in Hz; PHIO = peak value of the spectral density function SS(W);
IX = an odd integer with less than 9 digits where by changing
IX a new sample function is generated; N = number of frequency
subdivisions on the spectral density function SS(W) in powers
of 2; NPT = a number of simulated points of the output sample
function specified by NPT = 2 ** Ml with 2 * N being equal to
or less than NPT, WU = the upper cut-off frequency on SS(W);
WL = the lower cut-off frequency on SS(W); Ml = a positive inte-
ger such that NPT = 2 ** M1, NSIGN = an option parameter where
for NSIGN = 0 a normalized white noise spectral density with
a unit standard deviation is provided by the program, and for
NSIGN = 1 the user must supply a spectral density for the man-
euver loading or use the one specified in the subroutine FUNSPT;
REDUCE = ratio of the standard deviations such that REDUCE =
?l/cﬁ)where %1 is the standard deviation determined from the
time history below the lg level and Op is the standard deviation
obtained from the time history above the 1lg level; NP = number
of points plotted by the subroutine PLOT; BETA = parameter which

specifies the width of the truncated Gaussian white noise spec-

-5-




trum; NSAMPL = number of samples to be simulated.

2.3 PROGRAM DESCRIPTION

The Maneuver Loading Program consists of a main program
unit and fourteen subroutines. The program listing is given
in Appendix A. The main program unit called MANLOD and the
fourteen subroutines: AREA, SIMULT, PLOT, PICK, STDEVI, MEAN7,
PICKM, PICKMX, CROSS, SIMPSN, FUNSPT, HARM, RANDU, STATIS are

described as follows.

2.3.1 The Main Program Unit MANLOD

The main program initializes the input data and with a
call to the subroutine AREA calculates the area under the man-
euver loading spectral density specified in Function FUNSPT.
The time realizations of the loading (or stress) are generated
by calling subroutine SIMULT. When NSIGN = 0, stress time his-
tory corresponding to gust input is provided. When NSIGN = 1,
stress time history due to maneuvers is given. The rise and
fall of the simulated time history are determined by calling
subroutine PICK for the first counting method and subroutine
PICKM for the second counting method. The rise and fall values
are raised to an arbitrary power B ranging from 1 to 10 by sub-
routine STDEVI. Then, the average of rise and fall raised to
B power is calculated by calling subroutine MEAN7. The total
number of peaks of the simulated process Sm(t) is counted by the
subroutine PICKMX and the crossing rate is determined from sub-

routine CROSS. A subroutine PLOT is called to plot the output

time history for one realization.

-6 -



2.3.2 Subroutine AREA (S, N, WUP, WL)

Subroutine AREA calculates the area under the curve
specified in FUNSPT. It utilizes a Simpson rule type integra-
tion procedure given in Function SIMPSN. The arguments for this
subroutine are

S = input data from FUNSPT;

N = number of subdivisions on spectral density SS;
WUP = upper cut-off frequency on SS;
WL = lower cut-off frequency on SS.

2.3.3 Subroutine SIMULT (A, N, NPT, WU, WL,

IX, M1, NSIGN, INV, S)

The subroutine SIMULT is used to generate samples of the
time history corresponding to gust or maneuver loading. The
program utilizes the Fast Fourier Transform (FFT) algorithm
by calling subroutine HARM. The essential equations for this

simulation are

Real A(2 * J + 1) SQRT (2.0 * SP) * COS(PHI)

Imaginary A(2 * T + 2) SQRT (2.0 * SP) * SIN(PHI)

where J =1, 2, . . ., N, SP = specified spectral density,
PHI = random phase angles uniformly distributed between 0 and
27 which are generated by subroutine RANDU. The arguments for
this subroutine are A = specified by the above equations; N =
number of subdivisions on spectral density SP; NPT = number

of time points to be simulated; WU = upper cut-off frequency on
SP; WL = lower cut-off frequency on SP; IX = a number specified

in the input; NSIGN = specified in the input; INV, S = internal

parameters of the subroutine.




2.3.4 Subroutine HARM (A, M, INV, S, IFSET, IFERR)

Subroutine HARM perform a Fast Fourier Transform (FFT)

on the specified function A(1I), (I =1, 2, . . ., N). The argu-

ments for this subroutine are

A = generated input by the subroutine SIMULT;

M = number of points to be simulated, i.e., for one
dimensional case M(1l) = M1, M{(2) = 0, M(3) = 0.
INV, S = internal parameters of the subroutine;
IFSET = 1, implies a forward Fourier Transform, IFSET = -1
implies an inverse Fourier Transform;
IFERR = internal parameter of the subroutine.

2.3.5 Subroutine PLOT (NP, DT, A, 0.0, M)

Subroutine PLOT plots a given function A with a dimen-
sion NP at step intervals DT. The argument M indicates how many
points from given NP needs to be plotted. For example, if
M =1, it implies that every point is plotted, if M = 2, it implies

that every second point is plotted.

2.3.6 Subroutine PICK (A, NPT, S, NPK(J))

Subroutine PICK determines the rise and fall ASli cor-
responding to the first counting procedure as described in Sec.
2.1. The arguments for PICK program are

A = input array from which rise and fall needs to be

found;

NPT = number of points in the input array A;

8§ = an array in which the rise and fall are stored;

il

NPK number of rise and fall values found from the specified

input A.



2.3.7 Subroutine STDEVI (NST, NPK(J), S, STD,

RMS, Al(J), A2(J), . . ., A5(J), AN)

This subroutine raises the rise and fall values calculated

in PICK to powers Al, A2, . . ., A5, where
NST = parameter calculated by the main program;
NPK = number of rise and fall values;
S = rise and fall;

STD, RMS, AN = parameters calculated inside the subroutine.

2.3.8 Subroutine MEAN7 (NSAMPL, Al, . . ., A5,

AM1, . . ., AM5, AA, AN)

Subroutine MEAN7 calculates the average of rise and fall

raised to arbitrary power in subroutine STDEVI.

NSAMPL = sample size for which average is calculated;
Al, . . ., A5 = parameters obtained in subroutine STDEVI;
AMl, . ., AM5 = calculated in the subroutine;

AA = calculated in the main program;

AN = calculated in the subroutine

2.3.9 Subroutine PICKM (A, NPT, S, MPK(J))

This subroutine calculates the rise and fall ASz_ corres-
i
ponding to the second counting procedure as described in Sec. 2.1.

The meaning of the arguments is the same as for subroutine PICK.

2.3.10 Subroutine PICKMX (Y, NPT, PMAX, LPEAK,

PMIN, MTROG)

Subroutine PICKMX picks all the peaks and troughs from

a given process.

NPT number of points;

Y

input process;




PMAX

PMIN

LPEAK

MTROG

I

array for peak values;
array for trough values;
number of peaks found;

troughs found.

2.3.11 Subroutine CROSS (STDEV, PMAX,

PMIN, LLL, MMM, VZERO, RATIO)

This subroutine determines the crossing of the threshold

level specified by STDEV for a given process.

STDEV

PMAX

PMIN

LLL

MMM

VZERO

RATIO

standard deviation of the given process.

peak value array of the process;

trough value array of the process;

number of peaks;

number of troughs;

indicates zero threshold crossing;

when RATIO = 1, crossing for the total given time
history is determined, when RATIO = 0, crossing per

hour is found.

2.3.12 Subroutine SIMPSN (AF, NPT,

DSTEP, SIMP)

Subroutine SIMPSN integrates a given function AF utilizing

a Simpson

NPT

DSTEP

SIMP

rule integration procedure.

number of points to be integrated (must be an odd

number)
integration step;

resulting area of integration.

2.3.13 Subroutine RANDU (IX, IY, YFL)

Subroutine RANDU generates independent random numbers

~-10-



uniformly distributed between 0 and 1. By multiplying these num-
bers by 2w, random phase angles, which are necessary for the
digital simulation procedure, are obtained. An odd integer, IX,
needs to be specified in the main program. By changing IX, a

new seed of random numbers is generated.

IX any odd integer less than 9 digits;
IY = internal parameter in the program;

YFL = output - random numbers between 0 and 1.

2.3.14 Subroutine FUNSPT (SP, W1l)

Subroutine FUNSPT is used to array the normalized empir-
ical spectral density function corresponding to aircraft maneuvers.
SS(W) = 27 * PHIO/(1 + (27 * W/FB) ** A)/ANORML
where

W frequency in HZ;

Il

FB, A, PHIO data parameters;

area under SS which is determined in subroutine

ANORML

AREA.

2.3.15 Subroutine STATIS (A, NP, STD, RMS)

Subroutine STATIS determines the standard deviation and

rms of maneuver loading.

A = input array;

NP = number of points;
STD = output - standard deviation;
RMS = output - root mean square.

2.4 PROGRAM OUTPUT
The MANLOD program generates printed output. In Table
% 1., the average of rise and fall for one realization is given
| using the first range counting method described in Sec. 2.1.

-11-




TABLE 1, RISE AND FALL
(FIRST COUNTING METHOD)

3FTA= 0,0 NoEAK= 2285 A= 0.2300 Wo= 0.0070
AFANYI= 0, 692 MEANZ= 0,907 MeAN3= 1,547 AEATTSE 2.163 MEANG= 35129
MEANS = D,17302E N2 MEANT= 0,42034E (02 MEANS= ),.13826F D02 MZANG= 0.42070F 03
MEANAS= 4,66} MFANS= 7.126
MEAN1O= 0,13425E 0%
STIEV= 0.65035576E 00 RMS= 0.9439773E 0O

NPEAK number of rise and fall;
WU = upper cut-off frequency on spectral density;
WL = lower cut-off frequency on spectral densitx-

STDEV standard deviation of the rise and fall;

RMS = root mean square of the rise and fall;
MEAN1, MEAN2., . . ., MEAN1O = indicates the mean values if rise
and fall which were raised to powers 1, 2, . . ., lq

respectively.

-12-



Similar results are shown in Table 2 for the second range count-

ing method. The standard deviation and rms of S (t) are also
m

included in this table.

TABLE 2. RISE AND FALL
(SECOND COUNTING METHOD)

3ETA= 0.0 NPEAK= 1230 Wi= 0.2300 AL= " 040070
1 . MEAN3= 4,791  MEAN3S= 7.295
%@- ;?ﬁz?._a ‘E_V3 MRS =T B3 TT5E 03

STDEV= 0.7776743t 00 RMS= 0.1538034E 01 '
ax.  _MEAN&= 11,401 MEAN4S5= 18.2317 MEANS= 29,802

05

STANDARD DEVIATION OF TIFE TIME HISTIRY
STDEV= 0.5485804F )0 ReMaSe= 0.7130958% 00

S SO

The average of rise and fall corresponding to averaged eight
realizations is given in Table 3 for the first range counting
method and in Table 4 for the second range counting method.
The number of rise and fall for each method is also indicated

in these tables.

~13-




TABLE 3. AVERAGE OF POWER OF RISE AND FALL
(FIRST COUNTING METHOD)

CASE 1

AYEPAGE NF PIWEY JF RISE AND FALL

AND NUMBER TOF ITSE AND FALL

PNER
1.7 2.0 2.9 3,5 . . o
RET A 4.0 4,5 5.0 LTSt & FALL
N2 N.5696 0.933 1.5670 2. 327 3.568 5.%19 B3.6%5 2253
6.0 7.0 8.0 9, 0 10, PEAKS
RETA
0.7 23,08 56,28 203.68 659,41 2235.61 2269
TABLE 4. AVERAGE OF POWER OF RISE AND FALL
(SECOND COUNTING METHOD)
_ e cAS=E 11
AVERIASTE NS DPNYWYEI NF RISE ANDY FALL
AND NJIMBER NF RISE AND FA_L
PIWER
ArTA 1.0 2.0 2,0 3.5 % .0 ‘oD 5.0 IISE & FALL
0.0 1.276 2.,25% 4,371 7.512 11,922 19,395 32.211 1031
6.0 7.1 2.1 9,0 17, DE&Ké
RETA
0.0 94 .00 232435 355 .31 3350.72 12147.27 1031

The level of threshold crossing per hour against standard

deviations of the process is given in Table 5.

-14-



-
«i
=
(&}
—
(Vs
L
C
a
-
o e
- !
%) pu Ly}
0 e
o =1
x &
) [ SR ant
o>
[ER2= 1
a L
o) | PR
= P
2 S
3 o
a5} <l
[ (e (Y1 V Ve
v [y
&) <z Z
. ->T Torres Bt o]
[Te) e SR
U (%1717,
1 [en] oy &
m 247 [SRT 8T Y
< « X2
[ Z
— ST oy
<N D
[ VaR Vs )
[ax N TR
—cC ey
(5]
L o o
[wn Vo RN VW] <7 < <]
W &3 E
oxC < [l 818
wm [daml s
[2. ¢ o (Vg1 7,17,
TOC 0w T ot
Tz e LI
P W W3
[ |

(PaFV VX Ty
en (e
Sz Z
et Pt et g
L3 NNV
C.C O
o oY O Y]
e Ve e

cocd

fofin
<L < < <
=5 T
Oy
Pt Bt oy e
VAN Y]
G e eg
” » 9 N
F e
[ I I |

VL%Vl ¥y
[N &
il
P gt st
(Va1721%1Y,
NV
[@leal®
oo oy o
(B IR1 SIS

[eleleT e

o h
<« < <1,
b-20- 230
Cen o
i o 7
(7177717
nog
e o & g
[alaaiaatsa
oy

N
(Sl aad &t g,
L2 ZZ
[l ST
Ui
AU
oo
o oy Ql ey

90 3¢ e Y

CcCCoo

LR 1]
< <{ < <7
55 E 5
e
Rt D] Jomec oy
[V Tl P eV
(s oXVe2= of
¢ o 0 4
NN
ot

VL aX VeIV
[ Y S &
Pzl
Lol
(721 %X "alVe
N
cCoeC
o o ey €
Lo et

oCOey

It jgul
< < <L <
-
Cenlty
S ot Pt gy
U £2%1 %
O
e & 0 g
O\l o o ey
I I I |

(X Val Vs
e n (LT
Z =z e
e
(FaXValvelVy
NNV
e OO
or o QC ol
TRV ST RTE

OO
N

0ot
o < <7
=5 ES
U
FEY Sy
Vet
[\ 3 ~¥2¥s
. ® s 9
i et O
[ I

S NN AN VT AW
CCCON e N e et
22T Rz« Z T =2
Pl o Bt Pt rened B et et P ey P ]
NN AV IS DI L
NN AV IR D (AW
cocnlCiomcaotomc
e of iy, o O o |0 o7 oy X
€O MUY 3 WO e AU e Y

O O et OO o

00 & NP0 N O © -ty
=00 0O TN O\ ok e ot 7
LI T LI O I TS L TR TN
€ o g <t <L« ] T <7 <L <
T EESs S ETES T 3
CenOCicoodc ey
et et F2 end s Bod ot P P e e, o
NV AU NTIN U]
G OO At R
e 8 & o o & a 4 0 & » 4
CCCCCCCele m mmi e

(TorV A el Vg
e ndDenes

et Bt et

OO

Foum

[RININ]]
< < < <]
-
L&l Lo L s

Z L E =

NN N ALY
(17 081%

‘mfadule

o 00X er]O° v o X
PEYSTRI S RS

1hwnn
EFFE

AV

Cen NN L
L mele e
Pt Bt P sl ot Bt e, o
vanws i
U AU N NI
Ot
oy O 0 prlCe

(ALY ShT W § O

O U Nee-CIO QT

(IR

< o < Tl < et <

FEIZE

e en

Pt e et Pl ot g B e S i et B
VnVgn Ve Vi nn Vs v
Cait o Canrdh o
* 8 & € o @ & & & & o §
[ o oo VTN o¥ o oo a T gy # K oK.

N N

Coeat 3

cCecoc

nwwn
<< <<
Tys
(LY I &
o e Pt
VT TVNY,
N VoY,
a e o o

I U

_15_



Section 3
AIRCRAFT RELIABILITY WHEN TIME TO CRACK INITIATION

IS A RANDOM VARIABLE (ARELI1)

The purpose of this program is to calculate the probabil-
ity of first aircraft failure either of a single airplane or of
an airplane in a fleet. The analytical probability of failure
model is constructed for the case when time to fatigue crack ini-
tiation at a critical location on the aircraft is a random variable
having a Weibull type distribution. The analytical model allows
the inclusion of rigorous base type inspections which are per-
formed at equal time intervals over the design life of the air-
craft. A simplified flow chart of the program is shown in Figure
2. The following paragraphs discuss the input data, the struc-
ture of the program, and the output. The section on the structure
of the program includes only the key analytical expressions.
For a detailed description of all the equations, the reader should

consult the Technical Report.




START

INPUT DATA

SENSITIVITY STUDY

A(T)
R(T) SUBPOUTINES
l e e

——————— "ycoM (H, ARO, ARl, ..... , AR8, P. AN)
H(T)"'—"" l

b———wH4SIN (H, ARO, ARl, ..... , AR8, P. AN. UPC)
1 |

I .

TH (T) - OSF (H, Y, Z, ND1M)

—
PROBABILITY OF FAILURE_-_~_____[:::z::ERF(X)
NO INSPECTION EEXP (X)

|

PROBABILITY OF FAILURE
WITH INSPECTION

Figure 2.

-— T 15
FS (X)

FUNCTIONS

L. -]

Simplicied Flow Chart of the ARELl Program




3.1 INPUT DATA

There is one input data card used for the ARELl program.

The Format of this data card is illustrated in Table 6.

TABLE 6.

DATA CARD FORMAT FOR AREL1 PROGRAM

Column Contents 1 Format

1-10 XY = a number from 1 to 32 F 10.0
which references the 32
parameters in the system

11-20 YZ1l = new input data if F 10.0
only one parameter is
changed

21-30 YZ2 = new input data if two F 10.0

parameters are changed

31-40 YZ3 = new input data if three § F 10.0
parameters are changed i

The remaining data parameters are specified at the
beginning of the main program. For the physical description

of these parameters see the Technical Report.

The data are as follow: EF = ), material constant; BE = Db,
a parameter in the fatigue crack propagation model; DKTH =
threshold value of the range of stress intensity factor;

EFD = A', material constant, C = ¢, material constant: KC =

critical stress intensity factor; AO = initial fatigue crack
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size; ALPHA = shape parameter in Weibull distribution; BETA =
scale parameter in Weibull distribution; CMP (1) = 1., CMP(2) =
l., CMP(3) = 1. implies that the aircraft loads due to nonstorm
turbulence, thunderstorms, and maneuvers each is taken as com-
posite Gaussian processes; CMP(1l) = 0.0, CMP(2) = 0.0, CMP(3) =
0.0 implies that the aircraft loads due to nonstorm turbulence,
thunderstorms, and maneuvers each is taken as a single Gaussian
process; UPC(l) = 1., UPC(2) = 1., UPC(3) = 1. implies that the
input loads are truncated at certain level (single Gaussian
case only); EL = the truncation index on maneuver loads;

G = gravitational constant in ksi; AA(4), AAA(4) = rise and
fall parameters of the random stress process due to gust which
can be determined from MANLOD program by selecting the option
NSIGN = 0; AAAA(4) = rise and fall parameter of the random
stress process due to maneuvers which can be determined from

MANLOD program by selecting the option NSIGN = 1; BAB(4) =

(2 * I - 1)!! where I = BE/2 and (2 * I - 1)!! =1 *+*3 5. . .;
AN(1l), AN(2) = characteristic stress response frequencies
corresponding to gust; AN(3) = characteristics stress response

frequency corresponding to maneuvers; ANA = characteristic stress
response frequency corresponding to ground - air - ground

loads; PP(1), PP(2), PP(3) = fractions of aircraft flight time
spent in clear air turbulence, thunderstorms, and maneuvers,
respectively; SGC(l), SGC(2), SGC(3) = stress intensities due

to clear air turbulence, thunderstorms, and maneuvers, respec-
tively, when each loading is treated as a composite Gaussian

process; SGS(l), SGS(2), SGS(3) = stress intensities due to

-19-




clear air turbulence, thunderstorms, and maneuvers, respective-
ly, when each loading is treated as a single Gaussian process;
X0 = 1G level loading (level flight); ZR = stress intensity

due to ground-air-ground loads; VO = coefficient of mater-
ial strength variation; AMVO and RO = mean of the material
strength; FSF = 1.0 indicates a fail-safe type design, FSF =
0.0 indicates a slow crack propagation model; ZETA = factor
indicating the residual strength at the fail-safe crack size
AS; AS = fail-safe crack size; TT = design service life of the
airplane; Al = minimum crack size below which the crack cannot
be detected by inspection; A2 = maximum crack size beyond which
the crack is always detected by inspection; RM = power expon-
ent for the crack detection probability model; U = inspection
probability; NN = number of rigorous base type inspections;

NPT = number of divisions on Weibull distribution; NOI = number
of output points when no inspections are included in the air-
craft probability of failure model; NF = number of aircraft

in a fleet. The units of the input data are time = hours,

length = inches, strength = ksi; force = pounds.

3.2 PROGRAM DESCRIPTION

The Aircraft Reliability Program AREL1l consists of a
main program unit and seven subroutines HCOM, HSIN, QSF, ERF,
EEXP, F and FS which are described in the following paragraphs.

The program listing is given in Appendix B.

3.2.1 The Main Program Unit AREL]

The main program reads and initializes the specified

data as described in Sec. 3.1. The first part of the program
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igs designated for the sensitivity study of the 32 parameters in
the aircraft reliability model. This is achieved by specifying
the value of XY from 1 to 32. Each number of XY corresponds
to a particular parameter in the system which are defined in
Sec. 3.1.

The input load parameter, Q, due to the combined effect
of the clear air turbulence, thunderstorms, maneuvers, and
ground - air - ground loads is calculated from

A = AN(1l) * PP(l) * SB(l) + AN(2) * PP(2) * SB(2)

+ AN(3) * PP(3) * SB(3)+ANA * ZBB
where SB(1), SB(2), SB(3) and ZBB are the averages of the BE power
of the rise and fall of the stress response process corresponding
to clear air turbulence, thunderstorms, maneuvers, and ground -
air - ground loads, respectively. These parameters are evaluated
for a composite Gaussian process and for a single Gaussian
process. The fatigue crack size at flight time T, A(I), (I =
1, 2, . . ., NPT) is determined utilizing the fail-safe design
and the slow crack propagation models. The residual strength,
R(I), is determined from the Griffith-Irwin equation
R(I) = FLOAT(KC) * SQRT(2.0/PI/A(I))/RO
for the slow crack propagation model and from
R(I) = 1.0 - (1.0 - ZETA) * SQRT((ABS(A(I)
- AO)/(AS - RAO)))

for the fail-safe design, where RO = ultimate strength. Then,
the failure rate, H(I), is determined by calling subroutine
HCOM when the input loading is treated as a composite Gaussian
process and subroutine HSIN when the input loading is taken as a

single Gaussian process. The summation of the failure rate from the

—-21-




fatigue crack initiation to T flight hours after crack initiation
is obtained by integrating the failure rate H(I) by calling sub-

routine OSF. The time to crack initiation having a two para-

meter Weibull distribution is calculated from

W(I) = ALPHA/BETA * TBETA ** ALPH1

* EXP (-TBETA ** ALPHA)

where TBETA = T/BETA, ALPHl1 = ALPHA - 1. Then, by specifying
NN = 0, which implies no inspections, the probability of
first aircraft failure, P(I), is calculated. WhenNN # 0 with
the inspection probability F specified in FUNCTION F, the pro-
bability of first aircraft failure, P(J), (J = TT/NN) is deter-
mined at each inspection interval. The probability of first
aircraft failure, TP(J), in a fleet of NF airplanes is calcu-

lated from

TP(J) = 1.0 - (1.0 - P(J)) ** NF

3.2.2 Subroutine HCOM (H, ARO, ARl, . . ., AR8, P, AN)

The subroutine HCOM determines the failure rate H(I)
for the case when input loading is taken as a composite Gaus-
sian process. The necessary arguments of the program are
H = failure rate - output;

ARQO, ARl, . . ., AR8 - calculated in the main program;
P = input data corresponding to PP(l), PP(2) and PP(3);

AN = characteristic frequency calculated in the main program.

3.2.3 Subroutine HSIN (H, ARO, ARl, . . ., ARS8, P, AN, UPC)

The subroutine HSIN calculates the failure rate, H(I),

for the case when input loading is considered as a single Gaus-



sian process. The subroutine provides an option for trunca-
ting the failure rate at certain truncation level EL (for
example maneuvers). This is achieved by setting UPC = 1.0
in the main program. The necessary arguments of the program
are the same as in subroutine HCOM and UPC is specified as

input data.

3.2.4 Subroutine QSF (H, Y, Z, NDIM)

Subroutine QSF integrates the given input function Y
at specified integration steps H and stores the results in Z
at each integration step. NDIM = number of input points to

be integrated.

3.2.5 Function EEXP (ARG)

Function EEXP (ARG) is used to calculate EEXP (ARG)
EXP (ARG) - 1.0 by utilizing an expansion procedure for the
case when ARG > -50.0 and 0 < ARG £ .0l. When ARG < -50.0,

EEXP (ARG) = -1.0, and when ARG > .0l no expansion is used.

3.2.6 Function F(A)

Function F(A) specifies the crack detection probabi-
lity corresponding to rigorous type inspections in terms of
the crack size A. The necessary data for this function is

specified in the main program.

3.2.7 PFunction FS5(A)

Function FS(A) determines probabilities of not de-

tecting a fatigue crack.

3.2.8 Function ERF

Function ERF calculates the error function in terms
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of exponentials.

3.3 PROGRAM OUTPUT

The AREL]l Program generates printed output. First the

input data XY, YZl, YZ2, YZ3 is printed as shown below for a

particular example.

XY, YZ1,Y¥Y72,Y¥7Z3 0.3000002F 02 0.0 J.J 0.0

The calculated parameters SB1l, SB2, SB3, ZBB, Q, ANS, ATH, TB,

AC, TC, CDS, FSF are printed as shown bhelow

SBL ¢ SEZ+S R34 ZBR, Oy 4NS
0.8383E"021 1.00 ' 0.3622F 04( 1.0) 0.2400F 23( 1.0) 0.5063E 05

0.6267F 05 0.3300F 03

AT T A T S e s 0:7 054 00 U B27E 04 ULI434E=07 Us TO0UE 01
where |
SB1, SB2, SB3, ZBR = average stress intensities raised to BE
power corresponding to clear air turbulence,; thunderstorms,
maneuvers, and ground-air-ground loads, respectively.

Q = combined input loading;

ANS = PP(1l) * AN(1l) + PP(2) * AN(2) + PP(3) * AN(2) is tne
average characteristic frequency of gust and maneuver loads
combined;

ATH = fatigue crack size at the threshold level;

TB = time to reach threshold crack size:

AC = initial critical crack size;

TC = time to reach AC;

CDS = ¢ ;calculated material constant in the crack propagation

model




FSF = index denoting fail-safe or slow crack propagation model.
Table 6 contains a listing of the output sample for

A, R, H, TH and W as functions of flight time T.
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In Table 7 the probabilities of first aircraft failure

for a single airplane and in a fleet of 50 airplanes are shown

for the case when no inspections are performed.

PROBABILITY OF FIRST AIRCRAFT FAILURE (NO INSPECTIONS)

TABLE 7.
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Single
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The probabilities of first aircraft failure for a single airplane

and a fleet of 50 airplanes with 5 scheduled inspections are

given in Table 8.
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PROBABILITY OF FIRST AIRCRAFT FAILURE

TABLE 8.

(INSPECTIONS INCLUDED)

Iy TyP(LY,TP(I)

Fleet

Single
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SECTION 4

AIRCRAFT RELIABILITY WHEN INITIAL CRACK

SIZE IS A RANDOM VARIABLE (AREL2)

The purpose of AREL2 program is to determine the proba-
bility of first aircraft failure either of a single airplane or
of an airplane in a fleet. The probability of aircraft failure
is constructed on the condition that the initial fatigue crack
size is a random variable for which the probability density
function is obtained by appropriate transformation of the Wei-
bull distribution of the time to fatigue crack initiation. The
probability of failure model allows to include rigorous basé
type inspections which are performed at equal time intervals
over the design life of the aircraft and cursory inspections
which are performed at specified time intervals between the
rigorous inspections. The probabilities of aircraft failure
are calculated at rigorous inspections. The program includes
options to study the effect of proof test and input load level
truncation on the probability of first aircraft failure. A
simplified flow chart of the program is shown in Figure 3. The

following paragraphs discuss the input data, the structure of

the program, and the output.




4.1 INPUT DATA

There is one input data card which is of the same format
as shown in Table 6 except the parameter XY now ranges from 1
to 34. The remaining data parameters are specified at the be-
ginning of the main program. The main contents of the data
parameters for AREL2 program is the same as for AREL]l program.
These are described in Sec. 3.1. The additional daté parameters
are as follow: NBN = number of subdivisions on the probability
density function G(A0) corresponding to initial fatigue cracks;
AL = lower limit of A0 for G(AQ); AU = upper limit of A0 for
G(AQ0); ACT = truncation level due to proof test on G(A0), CSRY =
0.0 implies no cursory inspections, CSRY = 1.0 implies cursory
inspections included; NR = number of rigorous inspections; NC =
number of cursory inspections; CAl = minimum crack size which is

detected by cursory inspection.

4.2 PROGRAM DESCRIPTION

The Aircraft Reliability Program ARELZ2 consists of a
main program unit and eleven subroutines DENST, HCOM, HSIN, QSF,
CIN, HIN, ERF, OMEXP, FF and FC which are described in the

following paragraphs. The program listing is given in Appendix C.

4.2.1 The Main Program Unit AREL2

The main program reads and initializes data as described
in Sec. 4.1. The first part of the program is designated for
the sensitivity study of the 34 parameters in the reliability
model. This is accomplished by specifying the value of XY from

1 to 34. Each number corresponds to a particular parameter in
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the system which are described in Sec. 4.1. The combined
input load Q is determined in the same fashion as described
in Sec. 3.2.1. Then with a call to subroutine DENST a
probability density function G(A0) for the initial crack
size A0 is generated. The crack size A(I), the residual
strength R(I) and the failure rate B(I) are calculated in
terms of A0 in a similar fashion as described in Sec. 3.2.1.
The summation of the fazilure rate H(I) is obtained by call-
ing subroutine QSF. The probability of first aircraft fail-
ure with rigorous and cursory inspections included is cal-
culated from subroutine CIN. Similarly, the probability of
first aircraft failure where no inspections or only rigor-
ous inspections are performed is determined by calling
subroutine HIN. The effect of proof test on the probabil-
ity of failure is determined by specifying ACT to be equal

or less than AU.

4.2.2 Subroutine DENST (G, NN, AU, AL, DA)

Subroutine DENST calculates the probability density
function G(A0) of the initial crack size A0. This is achieved
by transforming the probability density function W(T) corre-
sponding to the time to crack initiation. The output of the
transformation is stored in G. The other arguments of the
subroutine are

NN = number of division points on W and number of

output points on G;
AU = maximum specified initial crack size value;

AL = lower limit crack size of G.
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4.2.3 Subroutine HCOM (H, ARO, ARl, . . ., ARS8, P, AN)

Same as described in Sec. 3.2.3.

4.2.4 Subroutine HSIN (H, AR0O, ARl, . . ., ARS8, P, AN, UPC)

Same as described in Sec. 3.2.4.

4.2.5 Subroutine QSF (H, Y, 7, NDIM)

Same as described in Sec. 3.2.5.

4,2.6 Subroutine CIN (A, H, G, CAl, NC, NR, NN, ITO)

Subroutine CIN determines probabilities of first aircraft
failure with both rigorous and cursory inspections included. The
arguments of the subroutine are

A

input data -~ fatigue crack size which is calculated
in the main program;
H = summation of the failure rate;
G = probability density function of the ihitial crack
size which is determined by subroutine DENST;
CAl = minimum crack size which is detected by cursory
inspection and is specified as input;
NC = number of cursory inspections in an interval between
rigorous inspections;
NR = number of rigorous inspections;
NN = total number of inspections (cursory and rigorous);

ITO = an index for output print.

4.2.7 Subroutine HIN (A, H, G, NN, ITO)

Subroutine HIN calculates probabilities of first aircraft
failure when no inspections or only rigorous inspections are

performed. The meaning of the arguments for this subroutine
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are the same as for subroutine CIN.

4.2.8 Function ERF(X)

Function ERF (X) is the same as in ARELl program.

4.2.9 TFunction OMEXP (X)

Function OMEXP (X) evaluates OMEXP(X) = 1 - EXP( X)

utilizing an expansion procedure.

4.2.10 Function FF (X)

Function FF(X) calculates the crack detection probability
corresponding to rigorous type inspections. The necessary data

for this function is specified in the main program.

4.2.11 Function FC(X)

Function FC(X) specifies the crack detection probability
for cursory inspection. The input argument in terms of the

crack detection size is specified in the main program.

4.3 PROGRAM OUTPUT

The AREL2 program generates printed output. The input
data XY, YZ1l, Yz2, YZ3 ié printed for a chosen example. The
number of rigorous inspections NN, the crack size A, the failure
rate H, the probability of first aircraft failure of a single
airplane PA, and the probability of first aircraft failure
TPA in a fleet of airplanes are printed as shown in Tables 9
and 10 corresponding to fail-safe and slow crack propagation

models, respectively.

-34-



PROBABILITY OF FAILURE

FAILURE RATE H,

CRACK SIZE A,

TABLE 9.

FOR SINGLE AIRPLANE PA, PROBABILITY OF FAILURE IN A
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DOYVD

ADOONOONNNMNOA A

C

312

APPENDIX A

MANUVER LOADING . A e e e

DIMENSION A(32768), INV(40961),5(4096),BETA(6)

. DIMENSION A1(8),A2(8),A3(8),A35(8),A4(8),A45(8),A5(8)

DIMENSION R1(8),B2(8),B3(8),B835(8),B4(8),B45(8),85(8)

DIMENSION X1(6) ¢ X2(6)9X3(6)¢4X35(6)9X4(6)9X45(6)9X5(6)9XX(6,45)
DIMENSION Y1(6)sY2(6)sY3(6),Y35(6)sY4(6)sY45(6)sY5(6)sYY (6,45}
DIMENSTION NPK{8) MPK(8)yNPEAK(E) MPEAK(6)

DIMENSION AA(8,5)yRB(8,5),AN{5)},BN(5)

COMMON /AXC/2(200) o
CATA BETA/0e010e25906530e759Ca8y0e9/

NSAMPL == NO OF SAMPLES USED FOR EACH BETA VALUE

_NBETA -- NO OF BETA VRALUES
Wup -~  UPPER BOUND FREQUENCY IN HERTZ

WL -— LOWER BOUND FREQUENCY IN HERTZ

N . .= NO CF DIVISIONS IN SPECTRAL DENSITY
NPT -- ND OF SIMULATED TIME PNINTS

M1 -  2%%M1=NPT :

NSIGN == 0 USE WHITE NOISE SPECTRUM. . . __._ . ...
1 USE USER SUPPLY SPECTRUM
TIME -- TDTAL SIMULATED PERIOD IN SECONDS
REDUCE -- REDUCTICN FACTOR OF THE NEGATIVE PART OF THE = .
TIME HISTORY

REDUCE=0625

PI=34141593 _ , L . L

NSAMPL=8

NBETA=1

WUP=0,2 . e
N=2048

NPT=16384

Ml=14 . . o e

NS IGN=1

DT=FLOAT(N)/ (WUPXFLOAT(NPT )

WL=0,007 A : e e e
TIME=DT*NPT

CALL AREA TO FIND THE AREA OF SPECTRAL DENSITY IN NRDER TD
NORMALTZE S{W) , oL , e
CALL AREA (S9512,WUP,WL)

A{1)=100000.

Al2)=0, L
A(3)=,2

SCALE=1.0

CALL GRAPH (AsS9512929" 924 '42,' _"42," ',SCALE) =

WRITE(6,312) TIME.DT 4WUP,WL
FORMAT(IOX,'PERIOD=',FlO.2y4X"DT=',F6.4,4X,'NU=',F5.3,
1 4Xy'WL='4F5.3/7) S e
NP=400

NPOTS -- NO OF POINTS IN EACH GRAPH

NPLOTS -- NO OF GRAPHS YO BE PLOTYED . . ..
NPOTS=1025

IX=3234567

D7 100 1=1,NBETA , A o
WU=wWUyp
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DD 80 J=1,NSAMPL . e e e e e
CALL STMULT (AyN NPT, WU, WLy IXoMLyNSIGN, INV,S)
D0 72 KK=1,NPT
. IFIALKK) el Te0e0) ALKK)=A(KK)*REDUCE _ .
12 CONT INUE
WRITE(6,20)
20 __FORMAT(1H1) _
IF {J«GTel) GO TO 15
c WRITE OUT PART OF THE SAMPLE TIME HISTORY (1ST SAMPLE)
__NS=NPT/8 U g
WRITE(6,74) (ALT1),11=1,NS)
T4 FORMAT((1X,24F5.2))
CALL PLOT {(NP,DT4A4060,1)
15 CALL PICK (A NPT,S,NPK{J)})
CALL STDEVI(14NPK{J)ySySTD,RMS5,AL(J), AZ(J),AB(J);ABS(J)
1 oA4(J),A45({J)4A5(J),AN)
DO 34 L=1,5
34 AA(J,L)=AN(L)
WRITE(6,25]) BETAII)lNPK(JllHU,HL,STDLRMS,_ e
25 FORMAT(/ISX,'BETA 1 F6e3 95Xy 'NPEAK=', 1695X,y *WU="
1 FBa&yB5X s 'WL=" FBaby5X 9! STDEV=?,E1447 95X, "RMS=?,E14,T/)
___MRITE(6,30) Al(J),A2(J),A3{J),A35(J)sAG(J)yA45(J)sA5(J),
1 (AA(J,L)sL=1,5)
30 FORMATISXy*MEAN1=',FT7¢3,3X, *MEAN2=7,FTe3,3Xy "MEAN3="',F7,.3,
1 3Xy "MEAN3S5="sF7e393 Xy "MEANSG=? yFT7a3 43Xy *MEAN4S=? 4FBa 3y
2 3Xy'MEANS="? yFB8e3/5X s *MEANO=YyE124592X9 *MEANT=?,E12, 542Xy
3 'MEANS8='3E12,592Xy "MEAND=",E12,5,2X, 'MEANLO=1,E12,5/)

c WRITE(6,70) (A(L ) L=1,MP) . e e T i
C TO FORMAT(/10(2XyF1065))
C WRITE(6,470) (S(L),L=1,50)

CALL PICKM (A NPT,S,MPK{J)}
CALL STDEVII1.,MPKUJ),S,STD, RPS,BI(J)»BZ(J)983(J)9B35(J)9
1 B#(J)oB#S(J)yBS(J),BN)
DO 44 L=1,5
44 BB{J,L)=BN(L)
WRITE(6,25) BETA(I)y MPK{J) ¢ WUy WL 4STD,RMS
. WRITE(6,30) B1(J),B2(3)yB3(J)yB35(J)yB4{JI)yB45(J),B5(I)
1 2 (BB(JyL),L= 1,5)

C WRITE(6,470) {S{L),L=1,50)
. _.CALL STATIS (A,NPT,STDV,RMSV) S
c TO FIND THE STANDARD DEVIATION OF THE PROCE3S

WRITE(6,4212) STDV,RMSV
212 FORMAT(//5X,*STANDARD DEVIATION QEWIHENTIME HISTORYY
1 //SXQ'STDEV"'EI4.7QSX9‘R MeSex !El‘l’.?)
80 CONTINUE
o _NSAM=NSAMPL
CALL MEANT (NSAM, AlyAZoAByA3S A4 A45,A5 AMlyAMZyAM31
1 AM3S,AM4,AM4S5, AMS,AA,AN)

WRITE(6+95) AM1,AM2, AM3LAM35,AM4,AM459AM59(AN(L3,L 145)

95 FORMAT(////10Xs*AM ",6(3XsE14e7)1/15%X,6(3X,E1447)/)
X1{1)=AM]1 S

_X2(1)=AM2
X3(1)=AM3
X35{1)=AM35
X&(1)=AM4

X4S{I)=AM4S
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_XSULY=AMS
Do 82 L=1,5
82 XXUIsL)=AN(L)
_CALL MEAN7 (NSAM,B),B2,B3,B35,B4,B45,B5, BMl,BMZ,BM31
l BM351BM493M45 BM5,BB,8BN)
WRITE(6496) BM1,BM2,BM3,BM35,8BM4,BM45,BM5, {BN(L)L=1,5)
96 FORMAT(//10X'BM ' ,6(3XsEl447)/15X26(3XyE 4 T)/) . . .. _
yl(i)=8M1
Y2(1)=BM2
"Y3(I1)=BM3 e e
Y35{1)=BM35
Y4(1)=BM4
. Y45U1)=BM45 ..
Y5(1)=8BMS
DO 81 L=1,5
_.BL YU, L )=BNLY
NPEAK(I[)=0
MPEAK(I ) =0
DD 98 11=1,NSAM e
NPEAK(I)‘NPEAK(I)+NPK(II)
98 MPEAK(I)=MPEAK(I)+MPKIII)
__NPEAK(I)=NPEAK{(I)/FLOAT(NSAM) e
MPEAK{I)=MPEAK(I)/FLOAT{(NSAM)
100 CONTINUE
 WRITE(6,105) e
105 FORMAT(IHI////QZX"CASE l'//’
WRITE{6,106)
106 FNRMAT(30X,*'AVERAGE OF POWER OF RISE AND FALL'/
1 730X,* AND NUMBER OF RISE AND FALL '//43X,*POWNERY/)
WRITE(6,110)
110 FORMAT(15X9 %100 45Xy '2e0"95X9°300" 95Xy '365'55X1 '40"',
1 5Xy%4e5'95Xy'540%'45X, *RISE & FALL'/6X,*BETA')
DO 120 1=1,NBETA
120 WRITE{69140) BETA(T) oy X1(T)oX2(T 1y X3 (T o X350 0D oX4ll)y =
1 X45(I)9X5([)9NPEAK([)
140 FORMAT(/6X9F4e2 92Xy TFBe342X,17)

141  FORMAT(/6XyF4e2¢2Xs5(F10e3, 1X),2%,06)
WRITE(6,145)

145 FORMAT(LHL////42Xs'CASE 11//)
WRITE(6,106) . -

WRITE(6,110)
DO 150 I=1, NBETA
150 WRITE(64140) BETA(I),Y1(1),Y201),¥3(1),¥35(1)yYall)
1 ,Y45(1),YS(1)4MPEAK(I)
WRITE(6,4105)
- WRITE(&,106) —
WRITE(6,111)
111 FORMAT(15Xy'6e0® 18Xy *Te0"98X9"800"98Xs"'920"18Xy *10e"y

1 8X,'PEAKS'/6X, 'BETA')

D0 121 I=1,NBETA
121 WRITE(65141) BETA(I),(XX{I,L)yL=1,5),NPEAK(I)

L MRITE(64145)
WRITE(6,106)
WRITE(6,111)

.. D2 151 1=1,NBETA e
151 WRITE(6,141) BETA(I),(YY(I4L)yL=1,5)4MPEAK(I) -
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TDEVEY @ oo
"w““”ﬂghLL PICKMX (AsNPTyS{1)oLLL »S{2049),MMM)
WRITE(6,123) LLL,(StL),L=1,LLL)

 WRITE(6,126) MMM, (S(L+#2048)sL=1,MMM)_ . .. ... ..

123 FORMAT (1HL /10X, *NJde DF PEAKS=',16/(2Xy10F8s4))
124 FORMAT{1H1/10X, *NJ, OF TROUGHS=',16/(2Xy10F8e4))

o RATIO -~ 1 GIVE TOTAL CROSSINGS OF THE HISTORY _
< 3600/ PERIND GIVE CROSSINGS PER HOUR

RATIO=1
) CALLMCRBSSJ‘§IDEYlSLJ)15(2Q§5l9LLLLMMMLylEBDlBAIIQ)
T RATID=3600, 7/ TIME
CALL CROSS (STDEV,S(1),S(2049),LLL,MMM,VZERO,RATID
ST e e e e
END

SUBROUTINE STDEVIINS TyNPT,FUN,STD,RMS,AL1,A2,A3,A35,A4,245,A5,AN)"
CoDIMENSYION FUNCLY o AN L)Y e i
ASUM1=0,0
ASUM2=0,0
... ASUM3=0,0
ASUM35=0,0
ASUM4=0,0
- _ASUM45=0.0
ASUM5=0,0
DO 10 I=1,5
10 ANtI)=0e.0 . =
XPOINT=FLOATINPT-NST+1)
DD 5 JT=NST,NPT
O AAR=FUN(JT)I*FUNLITY
AA3=FUN(JT ) *AA2
AA3S=FUN(JT)*%x3,5
AA4GS=FUN({JT) *%4, 5
AAS=AA3XAA2
_ ASUM1I=ASUML+FUN(JT)
ASUM2=ASUM2+AA2
ASUM3=ASUM3+AA3
- ASUM35=ASUM35+AA35
ASUM4=ASUM4+AAL
_ ASUM45=ASUM4S5+AA4S
. ASUM5=ASUMS+AAS
AN(1)=AN(]1)+AA3*AA3
AN(2)=AN(2) +AA35*AA3S5
ANI3)=AN(3 )+ AAG*AAG
AN{(4)=AN(4) +tAA45%ALLS
AN(S )=AN(5) + AAS*AAS
.5 CONTINUE s
Al=ASUML /XPOINT
A2=ASUM2 /XPOINT
 A3=ASUM3/XPOINT
A35=ASUM3S/XPOINT
A4=ASUM4/XPOINT
~ A45=ASUM&GS /XPDINT
A5=4SUMS/XPOINT
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15

DO 15 K=1,5
AN(K)=AN(K) /XPOINT
RMS=SQRT(A2) |
STD=SQRT (A2-A1*A1)
RETURN

END

SUBROUT INE MEANT (N§KﬂpL,AI,AZ,A3,A3S,A4,A4SyA5,AMI{AMZ,

1 AM3,AM35, AM4,AM45,AM5,AA,AN)

DIMENSION AL(1)4A2(1),A3(1),A35(1),A%4(1),A45(1),A5(1)

DIMENSION AA{8,5),AN(5)

. AM1=0. =

AM2=0,
AM3=0,
AM4=0,
AM45=0,

AM5=0e U

10

DO 10 1=1,5
AN(I)=0,

..DO 90 K=1,NSAMPL

CAM3=AM3+A3(K)

.80

90

85

AM1=AM1+AL1(K)
AM2=AM2+A2(K)

AM35=AM35+A35(K)
AM4G=AM4 +AL{K)
AM45=AM45+A45(K)
AM5=AMS+A5(K)

DO 80 L=1,45
AN(L)=AN(L) +AA(K,L)
CONTINUE
SAMPL=FLOAT{NSAMPL)
CAM1=AM1/SAMPL
AM2=AM2/SAMPL
AM3=AM3/SAMPL
AM35=AM35/SAMPL
AM4=AM4/ SAMPL
AM45=AM45/SAMPL

_AM5=AMS5/SAMPL

DN 85 L=1,5

AN(L )=AN(L) /SAMPL
_RETURN

END
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SUBROUTINE PICK (A,NP,PEAK,NPK)

{
+
|
!

OO OON

c S i
C PICK UP DIFFERNECE BETWEEN SUCESS[VE RISE AND FALL
C A == INPUT ARRAY FROM WHICH RISE AND FALL ARE TD BE FQOUND
C. NP == NO OF PDINTS IN INPUT ARRAY A e e
C PEAK —— ARRAY TO STORE THE RESULT OF (PEAK(I)-TRBUGH(I 1))
C NPK —-- NUMBER OF VALUE FOUND
DIMENSION A(l)oPEAKil)
PEAK (1)=A(1)
IFLAG=1 e,
IF(A(1)eGToA(2)) IFLAG=D
IPK=2
DO 100 I=14NP _ e
IF(IFLAGSLTL.1) GC TO 60
c PEAK TESTING
. IF(A{I)elTQA(I#+1)) 6O TO 100 _ _—
PEAK{IPK)=A(T1) v
PEAK{IPK~-1)=ABS(PEAK(IPK )-PEAK{IPK~1)}}
_ _IPK=IPK*+l e i
IFLAG=0
GO TO 100
€ TROUGH TESTING L
60 IFIA(I)eGTLA{I#1}} GO TO 100
PEAK(IPK)I=A(T])
. PEAKUIPK=~1)=ABS{PEAK{IPK)~PEAK{IPK-11}) o
IPK=1IPK+1
IFLAG=1
100 CONTINUE _ N
NPK= IPK-2
RETURN
BN A

SUBROUTINE PICKM (A, NP ,PEAK,MPK)

“PICK UP THE DIFFERENCES BETWEEN SUCESSIVE MAXIMUM RISE AND

MINIMUN FALL { 2ND METHOD OF PICKING)

A - INPUT ARRAY FROM WHICH RISE AND FALL ARE TO BE P ICKED

NP == NUMBER CF POINTS OF INPUT ARRAY A

__ PEAK —= ARRAY USE TC HOLD THE RISE AND FALL DIFFERENCES .
MPK =

{

= NUMBER OF RISE AND FALL DIFFERNENCE FOJOUND
DIMENSION A(1),PEAK(Y1) _ . o
AMAX=O.
AMIN=0,

IFLAG=1

IF(A(1)elTe00) IFLAG=O
IPK=1
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- D0 100 I=14NP e e

IF{IFLAG.EQ.O) de?d‘;am
TF(ACT)oGTLAMAX) AMAX=A(T)

L IF(ALT#1)elTe0e) 60 T0 50 . i

GO TO 100
50 IFLAG=0

IPK=1PK+1
AMIN=1,0
.60 T0 100 el
40 IF(A(I)eLTSAMIN) AMIN=A(T)
IF(A(I+]1 )eGTe06) GO TO 70

_PEAK(IPK)=ABSIAMAX-AMIN) .

G0 T0 100 e

70 IFLAG=1
PEAK{IPK)=ABS(AMAX~-AMIN)
CIPK=IPK+l e
AMAX=-1.0
100 CONTINUFE

_ MPK=IPK-1 O

RETURN
END

SUBROUTINE PICKC (NPT,Y,PMAX,PMIN,LPEAK,MTROG)

TO PICK UP PEAKS AND TROUGHS FROM A PROCESS
Y == INPUT PROCESS FRDOM WHICH PEAKS AND TRNUGHS ARE TOU BE
oo FOUND
NPT - NO DOF INPUT PQOINTS OF Y
PMAX ~- ARRAY USE TO HCLD SUCESSIVE PEAKS VALUE
~_PMIN -- ARRAY USE TN HOLD SUCESSIVE TROUGH VALUES
LPEAK —-- NUMBER OF PEAKS FOUND
MTROG -- NUMBER CF TROUGHS FCUND

!
"\

OO

i

DIMENSION Y{1),PMAX{1),PMIN(1).
I=1 .
B O
M=1
100 [F({1+1)4GE.NPT) GD TO 30
25 IF{Y{I)eGTaY{I*+1)) Gn TO 13 o
20 IF({Y(I)eGTeaY(I+1)) GO TO 15 :
35 IF{1.GE4NPT) GO TO 100
e U=Ue)
GO TO 20
15 PMAXIL)=Y(I)
L=L+] o TR
GO 1O 100
13 IFIY(I)eLELY(I#1)) GO TO 16
33 IF{1.GENPT) GO TO 100 ) R
18 I=1+1
GO TO 13
.16 PMIN(IMI=YL(I) i
M=M+1
G0 TO 100
.30 LPEAK=L-1 , A , L
MTROG=M~1
RETURN
END ,
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SUBROUTINE AREA (SyNPTsFU,FL)
DIMENSION S{1)
COMMON ANORML

ANORML —- AREA OF THE SPECTRUM

FU -- UPPER CUTOFF FREQUENCY IN HERTZ
FL —-— LOWER " L

OO0

ANDRML=1.0
PI2=2.0%3.141593
WUP=PI2%FU
WLR=PI2%FL
 DW=WUP/FLOAT(NPT)
NUMP=INT (WLR/DW)
IF{NUMP.EQ.0) NUMP=1
DO 45 I=1,NPT
45 S(1)=0.
DO 48 I=NUMP,NPT
WI=FLOAT(I)*DW
CALL FUNSPT (SP,WI)
48 S{I)=Sp
c USE SIMPSN RULE TD COMPUTE THE AREA UNDER THE CURVE
NPP=NPT
IF(NPP/2%2.EQ.NPP) NPP=NPP-1
CALL SIMPSN (S,NPP,DW,SAREA)}
ANORML=S AREA
WRITE(6+60) SAREA,FU,FL,WUP JWLRy(S(I)41=1,128)
60 FORMAT (10X 2 AREA=Y,E1447y5X4{4X,F644)/8(2X,F8e4))
RETURN
END

SUBROUT INE SIMPSN (AF,NPT,DSTEP,SIMP)
_DIMENSION AF(1) e e e o e e e

c

c NPT == NO, CF POINTS FOR INTEGRATION (MUST BE QDD Nl)
€ SIMP —-- RESULTING AREA QOF INTEGRATION _ .~

c

NP={NPT-1)/2 _
CMNENP=L e
ODD= O.
EVEN=0,
__END=AF{1 )+AF (NPT )
DO 10 I=1,NP
10 ODD=0DD+AF{2*]) :
... DD 20 I=14MN e e
20 EVEN=EVEN+AF(2%1+1)
SIMP=(4,0%0DD#24 O¥EVEN+END)*DSTEP/ 340
CRETURN e e e
END
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SUBROUT INE CROSS (STDEV,PMAX ,PMIN,LLL, MMM,V ZERD,RATIC)
DIMENSION COUNT(51),PMAX(1),PMIN(Y) = . .
INTEGER COUNT,SIGN

TO FIND CRDOSSINGS OF A PROCESS (INCLUDES #VE AND _-VE SLOPS)
WE START CROSSINGS FRNM THE FIRST TROUGH

STDEV =- STANDARD DEVIATION OF THE PRNOCESS . . ..
PMAX -- PEAK VALUE ARRAY OF THE PROCESS
PMIN -- TRCUGH VALUE ARRAY OF THE PROCESS
JLbL o == NO OF PEAKS o
MMM -- NO OF TROUGHS
VZERD == ZERD CROSSINGS
__RATIOD ~-- SET 70 1 IF CROSSINGS FOR THE WHOLE PERIOD_OF T
PROCESS IS TO BE FOUND
SET 70O 3600/PERICD IF CROSSINGS/HOUR IS T) BE
FOUND

DONODN00000NON

KL=1
STDEV5=STDEV/5.0
LD 4 X=1y5) o e
4 COUNT(I)=0
100 XXX=PMIN{KL)/STDEVS
_YYY=PMAX(KL)/STDEVS _ e R
TI=XXX
[I=11426
IF(PMIN(KL)eLE4Oo} GO TO 11
15 II=11+1
11 KK=YYY
KK=KK+26 o , o ) B o
IF{PMAX{KL)eGTL0) GN TO 14 ’
12 KK=KK~1
14 IF(KKeLE4S51) GO TO 28
33 KK=51
28 IF(II) 31,31,22
31 11=1
22 IF(I1.GT,51) GO TO 38
20 COUNTUIT)=COUNT(II)+1
38 11=11+1
IF(IlsLE.KK) GO TC 20
25 XXX=PMIN{KL+1)/STDEVS
YYY=PMAX{KL)/STDEVS
[J=XXX
1J=1J+26
[IF(PMIN(KL+1),LEe0eO) GO TO 21
45 TJ=1J+1
21 KJ=YYY
KJ=KJ+26 - o
IF(PMAX(KL)eGTe0e0) GO TO 75
T4 KJ=KJ-1
75 IF(KJ=51) 65465,70
70 KJ4=51
65 IF(1J) 60+60,90
60 1J=1
90 IF(IJeGT&51) GO TO 82
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_ 80 COUNT(IJ)=COUNT(IS)¢)

82 1J=1J¢1 e
IF{1JeLELKJ) GO TO 80
72 KL=KL#1 N o

IF(KL-MMM) 100,40C,400
400 WRITE(6,4500)
__500 FORMAT(1H1,5X,*'NUMBER OF TOTAL CROSSINGS AT DIFFERENT LEVEL OF'
1o SIGMA,* /6X,'INCLUDES CROSSINGS WITH BOTH +VE AND —-VE SLOP'//
2 6X,*SIMULATED RESULT'//)
177 11=-5.0

PO 66 I=1,50
COUNT (I)=TFIX(FLCAT(COUNT(I))*RATIO)
. WRITE(6,600) Z1,CCUNT(I) . B,

I1=71+42

66 CONTINUE
. VZIERC=COUNT(26) S U
600 FORMAT(5X,Fbaely*SIGMA=",16,2Xy 'CROSSINGS?)

RETURN
... END I — - S
SUBROUTINE SIMULTY

PURPOSE
PERFORMS SIMULATION OF RANDOM SAMPLE FUNCTION BY THE USE
____._ . OF FASYT FOURIER TRANSFCRM METHOD . _ . . .
USAGE
__CALL STIMULT (A NNPT,NPT2yMPT4y WU WLy I Xy MLoNSIGN,S,INV)

cannoonn

c

c DESCRIPTION OF PARAMETERS

c A ==A IS THE QUTPUT SAMPLE FUNCTIGN IN TIME DOMAIN

C IT IS A ONE-DIMENSION ARRAY

c N --N IS THE NUMBER OF SUBDIVISIONS OF A GIVEN SPECTRUV
£ __SSUW)s AND N MUSYT BE A NUMBER OF POWER OF 2
c , THAT IS N=2%%V ,M IS A POSITIVE INTEGER

C NPT -=NPT IS THE NUMBER OF POINTS OF THE OUTPUT SAMPLE
L ___FUNCTION SPECIFIED AS INPUT NPT=2%%*Ml WITH -
C 2*N EQUAL TO DR LESS THAN NPT

c NPT2 —--NPT2 IS AN INTEGER INPUT EQUAL T3 2%NPT

€ . NPT4 --NPT4 IS EQUAL TO ONE-FQURTH OF NPT _AND MUST . _
C BE SPECIFIED AS INPUT

c FU =-=FU IS THE UPPER BOUND FREQUENCY I[N HERTZ OF THE

B . _GIVEN SPECTRUM SS({W) ,MUST BE SPECIFIED

c FL —-FL IS THE LOWER BOUND FREQUENCY IN HERTZ OF THE

C GIVEN SPECTRUM SS{W) 4MUST BE SPECIFIED

i _IX ___==-AN ODD INTEGER INPUT LESS THAN 9 DIGITS,BY CHANGING
c IXoWE WILL GET A DIFFERENT SAMPLE FUNCTION FOR A

c GIVEN N

Cc Ml —=AN PDSITIVE INTEGER INPUT SUCH THAT NPT=2%%M]

}

-45-




1

SRR Kl R N e N e N R P W N I

ANON0O0NNNNONANAAAANNANO G

YOO

NSIGN --AN OPTION PARAMETER
0 USE WHITE NOISE SPECTRUM PROVIDE BY THE -
_.SUBROUTINE SIMULT WITH FREQUENCY DOMAIN WU TO
WL TO SIMULATE THE SAMPLE FUNCTION,AND THE
SAMPLE FUNCTION IS NORMALIZED WITH MEAN=0 AND
. STANDARD DEVIATION=1 o

1 USER WILL HAVE TO PROVIDE SPECTRUM SS(W) FOR
SUBROUTINE FUNSPT AND THE SAMPLE FUNCTION
SIMULATED IS NOT NORMALIZED BUT THE MEAN IS

STILL ZERD

_REMARKS e e
THIS SUBRDUTINE WILL GIVE A UP TO 2%xM1l POINTS
WITH M1 MUST NOT BE LESS THAN 3 OR GREATER THAN 20

'SUBRNUTINES AND FUNCTIONS REQUIRED
HARM RANDU,FUNSPT

CMETHOD
N
FUT)= SUM SQRT(2.0%SSIW(K)I*EXP( I*XPHI(K))*EXP (I*W(K)*T)
K=1
I=IMAGINARY NUMBER  T=TIME  PHI =RANDOM_PHASE ANGLE
AND

_ A(T)=SQRTU(WU-WL)/NI*REAL(F(T)) .

FOR N SUBDIVISIONS OF SPECTRUM, FFT ONLY GIVE N POINTS OF
. YIME HISTDRY, THAT IS CNE COMPLETE PERIND, THEREFORE THE . |
RESOLUTION OF THE PROCESS IS BAD. TO IMPROVE THE RESOLUTION

WE HAVE TO ADD SS{W(K))=0 K=N+2,40e9yNPT AFTER SS(HWY)

. THE_TIME JNCREMENY DTINME IS
DTIME=140/W{(NPT) W=FREQUENCY

NOTE: SSIW) HAS PRESCRIBED VALUE ONLY UP TO N POINTS
IF PHI  ARE FIXED UP TO K=N, THE SAMPLE FUNCTION .

" WILL BE THE SAME, THE ONLY THING CHANGES IS DTIME
THEREFCRE WHEN WE INCREASE NPT WE DECREASE DTIME,

As S¢AND _INV _ HAVE TO BE DIMENSIONED _IN TME MAIN _

PRCGRAM ACCCRD INGL Y.

SUBROUTINE SIMULT(AsMyNPTFU,FL,IXyML,NSIGN,INV,S)

DIMENSION A(1),M(3),INV(1),S(1) . L e

P1=3,141593
NL=256

CONVERT HERTZS INTD RADIANS

WU=FU*2,0*PT o e e

WL=FL*2,0%P]
DW=WU/FLOAT(N)

NUMP=INT (WL /DW) . . e

WL =DWxNUMP
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IF(NUMP.EQ.0) NUMP=1
____SQROOT=SQRT (2., 0*WU/( (WU-WLI*FLOAT(N)))Y
M{1)=M1
M{2)=0
. M3)=0
IFSET=1
DO 5 I=1,NUMP
Al1%2-1)=0.0

A{1%2)=0.,0
5 CONTINUE
o NN=N#2 -
DN 10 I=NN,NPT
A(2%1-1)=0,0
Al2%I  )=040

10 CONTINUE
IF(NSIGNeEQes1l) GO TO 40

C 7O GENERATE RANDOM PHASE ANGLES PHI

DD 30 I=NUMP,N

CALL RANDU (IX,1Y,YFL)
IX=1Y
PHI=2,0%PI*YFL

A(2%1+1)=COS{PHI)
A(2%142)=SIN(PHI)

. .30 CONTINUE
GO TO 60

40 DD_50_J=NUMP,N -

W1=FLDAT(J)*DW
CALL FUNSPT (SP,Wl)
. CALL RANDU (IXs1YsYEL) S .

IX=1Y
PHI=2,0*PI*YFL
A(2%J#1)=SQRT (2, 0%SP)*COS(PHI)

A(2%J42)1=SQRT(2. O*SP) xSIN(PHI)
50 CONTINUE

'START SIMULATING SAMPLE FUNCTICN FOR A GIVEN SET OF PHI

S0

60 CALL HARM (A,M, INVyS,IFSET, IFERR)

IF(NSIGNeEQe1l) GO TO 80

SAMPLE FUNCTION FROM SS(W) ECUAL TO WHITE NOISE

2l aNel

DO 70 I=1,NPT
__AtI)=A(2%1-1)*SQRODY

70 CONTINUE
G0 TO 100

c "SAMPLE FUNCTION FROM A SPECIFIED SS(W)
80 DO 90 I=1,NPT

A(I)=A(2%]~1 )*SQRT(DW)
90 CONTINUE
_.100 RETURN
END
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80

95

100

105

110

SUBROUTINE FUNSPT (SP,W1)

DA 95 I=1,11
SCALE(I)=-60.*10.*FLOAT(I)

N0 100 1=1,120

DAS( I)=DASH

DN 105 I=15, 115' 10

DAS(I)=BAR

DO 110 I=10,120

AL INE(1)=BLANK

ALINE(65)=BAR

WRITE(6,200) FACTOR
WRITE(6,302) SCALE
WRITE(6,303) (DAS(I),1=10,120)
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'g SS(W)=eee IS A FUNCTION STATEMENT NINEXECUTABLE AND MUST BE
r SUPPLIED BY THE USERe  SS(W) IS THE SPECTRAL DENSITY FUNCTION
C R L
COIMMON ANCRML
SS(W)=PI2*PHIO/ {10+ (PI2%W/FB)%kA) /ANIRML
PI2=14a/126%3,141593) e R
PHI0=30
FB=0.031
A=26 -
SP=SS (W1 )
RETURN
_ENO e e _
SUBROUTINE PLOT (NPT,H,FUN,FACT,NSTEP)
C .
C NPT---~NO. OF POINTS TO BE PLOTTED
c FUN-~-=~FUNCTION TO BE PLOTTED
c . ,,m",,Hrf:-:fILMEMINTERVAL,(TD.Z,DECIMAL,?LAﬁES).MV,i, e
C REMARK: TITLE AND DIMENSION OF FUNCTION HAVE TO BE PRINTED DUT BEFORE
c CALLING PLOT
¢ REMARK: IF FACT=0,,THEN SCALE FACTOR IS COMPUTED BASED ON THE GIVEN _
c FUNCTION,OTHERWISE SCALE FACTOR=FACT
c
. ”DIMENSlQNMALlNEllZQ)yFUNiﬂﬁllyDASL120L1SCALELII’M e
DATA DASH/'~%/,STAR/V4 1/, BAR/* L1/, BLANK/Y ¢/
c
C . DETERMINE THE SCALF FACTOR - e R )
c
IF(FACT4EQe0e) GO TD 30
_ FACTOR=FACT _ o ~ )
GO TO 80
30 AMAX=1,0E~70
o000 40 I=1,NPT,NSTEP R o ~
TF(ABS{FUN{T))aGToAMAX) AMAX=ABS(FUN(T))
40 CONTINUE
. FACTOR=AMAX/50,0 o
c
c START TO PLOT
C



DD 120 1=1,NPT,NSTEP
TIME=H*FLOAT(I-1)

.. NP=FUN{I)/FACTOR#65,
ALINE(NP)=STAR '
WRITE(6,304) TIME, (ALINE(J) yJ=10,120)
_ALINEINP )=BLANK -
IF(NP4EQ.65) ALINE(65)=BAR

120 CONTINUE

200 _FORMAY(/// 450Xy ' SCALE FACTOR=', Elle3) S
302 FORMAT{LHO2X,' TIME® ,5X5(F4e096X)y1Xs6(F34097X))

303 FORMAT {(1H ,8Xs114A1) :
...304 FORMAT(1H ,F8e4,111A1)
RETURN

END

SUBROUT INE P ICKMX(A,NP ,PEAK,MPK, TROUG ,NPK)

"PICK UP THE DIFFERENCES BETWEEN SUCESSIVE MAXIMUM RISE AND
MINIMUN FALL { 2ND METHOD OF PICKING)
A -= INPUT ARRAY FROM WHICH RISE AND FALL ARE TO BE PICKED
NP == NUMBER OF POINTS OF INPUT ARRAY A

_PEAK =—_ ARRAY USE TO HOLD THE RISE AND FALL DIFFERENCES
MPK =- NUMBER OF RISE AND FALL DIFFERNENCE FOUND

anooncon

DIMENSION A(1),PEAK{1),TRCOUG(]])

AMAX=0,
AMIN=0,
_IFLAG=)Y o e
IF(A{1)elLTe0e) IFLAG=0
IPK=1
D ATR=
NST=1
IF{IFLAG.EQe0O) GO TO 20
D X0 I=) GNP 5
IF(A(I) LT.0.0) GO TN 15
10 CONTINUE
A5 NST=I _ _
1FLAG=0
20 DD 100 I=NST4NP
_ IF{IFLAG.EQs0O) GO TO 40O e -

IF(A(T)oGTAAMAX) AMAX=A(I)
IF(AfI#1)elTe0e) GO TO 50
.60 70 100
SO0 IFLAG=0
PEAK(IPK)=AMAX
__IPK=IPK+]1
“AMIN=1.0
GO T0 100

-49-




40 TF{A(T)oLT4,AMIN) AMIN=A(I)
IF(A{I#1).GT40.) GD YO 70
GO T0 100

70 IFLAG=1
TROUG{ITK)=AMIN
ITK=ITK+1

. _AMAX=-1,0

100 CONTINUE

MPK=IPK-1

_NPK=ITK~-1

RETURN

END

'SUBROUTINE STATIS (AsNP,STD,RMS)
DIMENSION A(1)

c ' TO FIND THE STANDARD DEVIATION AND RMS VALUES OF A PROCESS

4S=0.,

DO 10 I=1,NP

AS=AS+A(1)
AS2=AS2+A{1)*ALT)

10 CONTINUE

AS=AS/FLOAT{NP)
 AS2=AS2/FLOAT(NP)

STD=SQRT (AS2—~-AS*AS)

RMS=SQRT(AS2)

RETURN

END

—_SUBROUTINE RANDU(IX,1Y,YEL).
IY=1X*65539
[F(IY) 5,646 A
5. IY=1Y4#214743364T7+1 . ... ..
6 YFL=1Y
YFL=YFL*0e4656612D-9
 RETURN.
EMD
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SUBRCUTINE HARM{A,M,INV,SsIFSET, IFERRNPT2,NPT4)

DIMEANSICN A(NPTZ) ,INVINPTS) ,SINPT4 JyNU3) 2 M{Z)yNF(3),WL2),4W2(2),

1Ww31(2)

EQUIVALENCE (N1 yNIL))o(N2sN{2))y{NZyNI(2))
10 IF( IABS{IFSET) - 1) <0(,900,12
12 MTT=MAXCIM(L1) 4M(2),M(3)) -2

ROGT2 = SCRT(Z2.)

IF (¥TT-MT ) 14,14,13
13 I1FERR=1

RETURN
14 1IFERR=0

Ml=N{1)

M2=M{(2)

M2=pN{2)

Nl=2%*M1

N2=2%%M2

N3=2%%M3
16 IF{IFSET) 18,18,20
18 NX= N1%NZ*N3

FN = NX

DO 16 1 = 1,NX

Al2%1-1) = A{(241-1)/FN
19 A(2%1) = ~A{2%1}/FN
20 NP(1)=N1%*2

NP{2)= NP(1}%N?2

NP({3)=NP{z)%N3

DO 250 1ID=1,3

IL = NP{3)-NP(ID)

IL1 = IL+1

MI = MIID)

IF (M1)25G,250,30
30 IDIF=NP(ILC)

KBIT=NP{IC)

MEV = 2%(N1/2)

IF (M1 - VMEV )60,60,40
40) KBIT=KB1IT/2

KL=KBIT-2

DC 50 I=1,IL1,ICIF

KLAST=KL+]

DO 50 K=1,KLAST,2

KD=K+KBIT

T=A{KC)

A(KD)=A({K)-T

A(K)=A(K)+T

T=A(KL+1)

A(KD+1)=A(K+]1)-1
50 A{K+1)=A(K+1)+T

IF (MT - 1)250,25C,82
52 LFIRST =3

JLAST=1

GO 10 7C
60 LFIRST = 2

JLAST=0
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70 DO 240 L=LFIRST,MI,2

80

82

JIDIF=KPRIT
KBIT=KBIT/4
KL=KBIT~-2

DO 80 I=1,IL1,ICIF
KLAST=T+KL

DO 88 K=1,KLAST,?2
Kl=K+KBIT
K2=K1+KEIT
K3=K24KRIT
T=A(KZ}
A{K2)=A(K)-T
AK)=A(K)+T
T=A(KZ2+1)
A(K2+1)=A{K+1)-7
A(K+1)=A(K+1) 4T
T=A(K2)
A(K3)=A{K1)-T
AKL)=A(K1)+T
T=8{K3+1)
A{K2+41)=A(K1+1)-T
A{K1+41)=2(K1+1}+T
T=A(K1}
A(KI)=A{K)-T
A(K)=A(K)+T
T=A(K1+1)
A(KL+1)=A(K+1)-T
A(K+1)=A(K+1)+T
R=—A{K3+1)

T = A(K3)
A(K2)=A({K2)-R
A(KZ2)=A(KZ)4R
A(K3+1)=A({K2+1)-T
A{KZ2+1)=A(K2+1)+7
IF (JLAST) 23%5,235,¢€2
JJ=JJIDIF +1
TILAST= IL +JJ

DO €5 1 = JJyILAST,IDIF
KLAST = KL+1

DO €5 K=1,KLAST,?2
K1 = K+KBIT

K2 = K1+4KBIT
K3 = K2+4KBIT
R =—A{KZ+1)

T = A{K2)

A{K2) = A(K)-R

A(K) = A(K)+R
A(K241)=A(K+1)-T
A(K+1)=2(K+1)+T
AWR=A{K1)-A(K1+1)

AWI = A(K1+1)+A(K1)
R==A{K3)-A{K3+1)
T=A(K2)-2{K3+1)
A(K2)={AWR-R) /RCCT2
A(K3+1)=(8WI-T)/RCCT2
A(K1)={AWR+R)/RCOT2
AlK1+41)=(AWI+T}I/RCOT2
T= A(K1)
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g5
30

S6
g8

100

110

120

130

140

15¢C

160

170

200

A(K1)=2(K)-T
A(K)=A(K)+T
T=A(K1+1)
AlK1+1)=2(K+1)-T
A{K+1)=A{K+1)+T
R=—A{K3+1)
T=A(K3)
A{K3)=A(K2)-R
A(K2)=A(KZ2)4R
A(K341)=2(K2+1)-T
A(KZ4+1)=A(K2+1)+T
IF{JLAST-1) 235,235,990
JJ= JJ + JJIDIF

DO 230 J=2,JLAST
I=INV{J+1)
1C=NT-1
W(l)=S({IC)
Wi2)=s(1)

12=2%1

12C=NT-12
1F(12CY12G,110,100
W2(1)=S(12C)
W2(2)=5(12)

GO0 70 1320
W2(11)=0.

Ww2(2)=1.

GO YC 130

12CC = I12C+NT
12C=-12C
Wz2{1)==-S(12C)
W2(2)=S5112CC)
13=1+12

I3C=NT-12
IF(I12C)1€&C,150,414C
W3(1)=S(13C)
W3(2)=S8{12)

GO 10 200
W3(1)=0.

w3i2)=1.

GO 1€ 200
13CC=13C+NT
IF{I3CC)18C,18C,170
13C=-13C
W3{1)==5(13C)
W3(2)=S(13CC)

60 TC 200
w3iil)=-1.
W3(2)=0.

GO0 TC 20¢C
13CCC=NT+1I3CC
13CC = -13CC
W3{1)==S{I3CCC)
W3(2)=-S{1I3CC)
TLAST=1IL+J4J)
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220
230
235
240
250

350

360

370

380

450

DO 220 I=JJ,ILAST,IDIF
KLAST=KL+1

DO 220 k=1,KLAST,?2
Kl=K+KBIT

K2=K1+KBIT

K3=K2+4KPRIT
R=A(KZI*WZ{1)~A(KZ2+1)%W2(2)
T=A(K2Z)*W2(2)+A2{K2+1)%wW2(1)
A(K2)=A(K)-R

A(K)I=2(K)+R
A{KZ2+41)=A(K+1)-1
A(K#1)=A(K+1)+T
R=A(K3)*W3(1)~2(K3+1)*n3(2)
T=A{K2)*W3{2) +2{KI+Y1)%W3(])
AWR=ATK1)*W{Ll)=-A(KL+1)*n(2)
AWI=A(KL)IH*W(2)+A(K1+1)*n(1)
A{K3)=AWR-R

A(K2+1)=AWI-T

A(K1)=AwR+R

A(KLI+1)=Anl+T

T=A[K1)

A(K1)=A(K)-T

A(KI=A(K)+T

T=A{K1+1)

A(KL+1)=A(K+1)-T
A(K+1)=A1K+1)+T

R=~A{K34+1)

T=A(K3)

A(K3)=A(K2)-R

AKZ)=A{KZ)+R
A(K341)=A{K2+1)-T7
A(KZ2+1)=A(K2+1)+T
JIJ=JJCIF+JY

JLAST=4%JLAST+3

CONTINUE

CCNTINUE

NTSC=NT*NT

M3MT=pM3-NT

IF(M3MT) 270,36C,360

1603=1

N3VNT=N3/NMNT

MINAN3=NT

GO TC 3280

1603=2

N3VNT=1

NTVN32=NT/N3

MINNZ=N?3

JJD3 = NTSQ/N3

M2MT=M2-MT

IF {(M2MT)470,46C,460
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460

470

480

550
560

570

580
600

610

620
630
700

710

720
7320
800

810

820
820

840

850
860
370
geo
8¢0

1602=1

N2VNT=N2/NT
MINN2=NT

GO YC 489

1602 = 2

N2VNT=1

NTVN2=NT/N2
MINNZ2=N2
JJD2=NTSGC/N2
MIMT=M1-MT
IF{MIMT)570,56C 4560
1601=1

NIVNT=N1/NT
MINNI=NT

GO TC 5&C

1601=2

N1VAT=1

NTVN1=NT/NL
MINNI=N1
JJD1=NTSG/N1

JJy3=1

J=1

DC 880 JPP3=1,N3VNT
IPP3=1INVIJJI3)

DO 870 JP3=1,MTINN3
GO TC (61(,620),1C03
1P3=INV{JP3)*N3VNT
GO TC €30
I1P3=INVIJF3)/NTVUN3
I3=(1FP2+1P3)*N2
JJ2=1

DC 870 JPP2=1,N2VNT
1PP2=INVI{JJ2)+13

NC 860 JP2=1,MINN2
GO T€ (71C,720),1IGC2
1P2=INV{JP2)%N2VNT
GO TC 730
1P2=1INVI{JF2)/NTUN2
12=(1PP2+1P2)%N1
JJl=1

DO 86C JPP1l=1,N1VNT
IPP1=INV(JJLl)+1I2

DO 85C JP1=1,MINN1
GO TO (£1C,820),1C01
TP1=INV{JFL)®ENLIVNT
GO T1C 820
IP1=IAV{JF1)/NTVUN1
1=2%{IPP1+4IP1)+1

IF (J-1) E40,E5(,£50
T=A(1)

A(I)=A0J)

AlLJ)=T7

T=A(1+1)
ALT+1)=204+1)
A{J+1)=T

J=J+2

JJ1=JJ1+J 401
JJ2=44d2+444D2

JJ3 = JJ3+4JJ403
TE{IFSET)B31,+895,E95
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861
862
895
9¢cC

904
906

910

920

940
350
960

370

980
982

00 82 1 = 1,NX%
A(2%]) = -A(2%1)
RETURN

MT=NMAXOIM(L1),M(2),M(3)) -2
MT = MAXD(2,4T)

IF (MT-18) 906,S06,13
[FERR=D

NT=2%%MT

NTV2=NT/2
THETA=,78€3G981¢€24

JSTEP=NT

JDIF=NTV2
S(JDIF)=SIN(THETA)

DO S50 L=2,MT
THETA=THETA/2.
JSTEF2=JSTEP

JSTEP=JDIF

JDIF=JSTEP/2
SUJDIF)=SIN(THETA)
JC1=NT-JCIF
S(JC1)=COS({THETA)
JLAST=NT-JSTEP2

IF(JLAST - JSTEP) ¢€50,9<C,920
DO €40 J=JSTEP,JLAST,JSTEP
JC=NT-J

JO=J+JDIF
S(JD)=S(JI.STICL)+S{JDIF)I*S(JC)
CONTINUE

MTLEXP=NTV2

LMIEXP=1

INV(1)=0

DO S80 L=1,MT
INVILNIEXF#1l) = MTLEXP

DO S70 J=2,LM1EXP
JJ=J+LM1EXP
INVIJI)=INVIJ)+NMTLEXP
MTLEXP=PFTLEXP/2
LMLIEXP=LVM1EXP*2

IF(IFSET )124865,12

END
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